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1. EXECUTIVE SUMMARY

The federally-listed endangered Astragalus brauntonii and Pentachaeta lyonii (which is
also state-listed) persist in disjunct populations in coastal southern California mountain
ranges. These regions are heavily affected by urban development and thus there is an
urgent need for understanding the impact of this potential threat, and how to best
manage these species. The purpose of this study was to evaluate the status of recorded
populations and investigate aspects of their ecology.

Most Astragalus brauntonii populations had either been extirpated or comprised small
fragmented populations. The largest population, unknown at the time of federal listing,
occupied a ridge top fuel break and the population is probably being maintained by
disturbance associated with fuel break construction, mountain bikes, etc. Germination
experiments demonstrated a substantial degree of dormancy that may be broken by soil
heating during fire or solar heating of bare substrates. Physical scarification also induces
germination, suggesting other disturbances may also be effective in stimulating
germination. These seed characteristics indicate this species may maintain a dormant soil
seed bank that could recruit after fire. Even so, there is little evidence that fire

suppression represents a threat to these populations, since, in these low elevation coastal
sites, fires are as abundant now as ever.

Comparisons of Pentachaeta lyonii populations with documented populations from
other years shows that this species typically fluctuates dramatically from year to year,
apparently in response to precipitation. Germination experiments indicate this species
does not produce deeply dormant seeds stimulated by fire -- snggesting no close
relationship with fire. However, seeds of Pentachaeta lyonii do apparently remain
dormant during years of low rainfall, although the cues that time germination to
adequate rainfall are unknown.

For either target species, preliminary studies of their pollination biology do not suggest
this is an important limiting factor to reproductive success. Flowers on both species are
visited by native bees or flies, which were found to carry significant loads of their pollen.
The importance of pollinators, however, may differ between these species, since A.
braunronii is apparently self- compatible whereas P. lyonil is apparently
self-incompatible, and unlike A. brauntonii, it is an annual.

The distribution of these species is correlated with soils derived from different
substrates, A. brauntonii is restricted to limestone and P. lyonii is largely found on red
clays often of volcanic origin. This substrate preference is at least partially physiologically
determined as greenhouse studies showed that both species had substantially reduced
establishment, survival and growth off of their normal substrate.
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Both species are often found on disturbed sites and this is likely related to their
demonstrated inability to tolerate shading. These species will not tolerate most forms of
human-caused disturbance, but under the right conditions of shrub removal, minimal
soil disturbance and inhibition of invasive weeds, in proximity to soil seed banks, these
species may expand their population size. Presently, wildfires are the only widespread
natural disturbance affecting the habitats of both species. However, unlike the case with
many chaparral herbs, neither A. brauntonii nor P. lyonii is a strict fire-dependent
species. Both target species are opportunistic and are capable of establishing after only a
very limited range of disturbances.

Both species appear to be able to l_aintain populations for sustained periods without
disturbance, if they are not crowded out by shrubs or non-native grasses. This is in
marked contrast to the pattern with hundreds of fire-type herb species in chaparral,
which are largely incapable of establishing anywhere except on recent burn sites. Unlike
fire-type species, it is hypothesized that both target species can maintain populations on
undisturbed "safe sites," such as on ridgetops or shallow soils, where, due to soil
drought, competition for light is reduced. Both species possess"the ability to expand
from these refuges out into disturbed sites, following removal of the shrub canopy. It is
possible that the present rarity of these species is in part a natural effect of major
landscape changes that have occurred since the end of the Pleistocene, primarily due to
habitat loss that likely followed the elimination of large grazing and browsing mammals.
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11. INTRODUCTION

Braunton's milkvetch, A_tragalus Irrauntonii Parish, and Lyon's pentachaeta, Pentact_eta

lyonii Gray, are federally listecl endangered species (USFWS 1997) and the latter is also

state listed (Skinner and Pavlik 1994). Both are distributed in widely scattered populations

in coastal southern California, north o( San Diego County and south of Santa Barbara

County (Hickman 1993). They are restricted to udmn-mountain ranges, e.g., the Santa

Monica Mountains, which are under threat from development and of concern to the

California Department ot: Fish and Game Endangered Plant Program (lkeda et al. 1991).

The purpose of this study was to document the present distribution and status of

populations and investigate aspects of their ecology that would contribute to

recommendations ['or improved management o(these rare species. A better understancting

of the biology of these species may provide clues to the cause(s) of their rarity.

Conservation biologists have expressed different views on the causes of rarity in plants

(Rabinowitz 1981) and ahnost certainly it differs between species. Thus, there is no a priori

reason to believe that the two species under study here are rare f'or the same reason.

Examples of factors that could play a role in the rarity of A_tragalus Irrauntonii and

Pentact_leta Lyonii are lack of suitable habitat, reproductive lhilure due to lack of

appropriate pollinator vectors, and disruption of natural ecosystem processes, none of

which are entirely independent ol: one another. Recognition of the important thctors is

critical to effective management of rare plants because they may have an origin in

anthropogenie activities that could be altered to improve conditions. Of course it must be

acknowledged that rarity may be due to natural causes beyond the control of management.

Ili. RESEARCH OBJECTIVES

1) Role of Disturbance

Both A_tragalus brauntonii and Pentachaeta lyonii are recorded from "disturbed" sites

and there(ore attention was paid to this tactor in the preparation of this report.

However, it is apparent from our observations that not all forms of disturbance

have a similar impact on these plants.

Disturbances relevant to both species can be classified in two distinct groups,

natural and human-mediated. The primary source ol: natural disturbances in

California chaparral, coastal sage scrub, and grasslands is ['ire, although human

disruption of natural fire regimes are well documented throughout the world

(Whelan 1996). Regardless ol: the source, I:ire acts to remove above ground

vegetation anti does little to disturb the soft beyond adding nutrients and possibly

heat-sterilizing the topmost layers. Additionally, many species in chaparral are

depenclent on I:ire-relatecl cues for germination such as smoke, charred wood, and

heat (Keeley 1991, Keeley and Fotberinghan_ 1997, 1998). It has been suggested
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(Skinner 1991; USFWS 1997) that fire suppression represents a threat to these rare

species. However, tile mountain ranges occupied by A_tragalus brauntonii and

Pentactu_eta lyonii have no shortage of fires, and there is substantial evidence from

fire history studies to suggest that fires are more common now than prior to human

occupation of coastal southern California (Keeley et al. 1989, Mensing 1989,

Woods 1992, Conard and Weise 1998, Keeley 1998). The greatest threat from

human clisruption of the fire regime is increased fire frequency, which favors

non-native grasses (Zedler et al. 1983, Haidinger and Keeley 1993, Keeley 1995a),

an acknowledged threat to these species (USFWS 1997). This threat is particularly

high in habitat fragments surrounded by development.

Another threat to both target species is habitat destruction due to urban expansion.

On rare occasions, human disturbance, if not resulting in total habitat destruction,

may provide a distudmnce beneficial to both target species., but detrhnental

disturbances are manifold. For example, vegetation removal by scraping with heavy

equipment may provide tile open conditions necessary for establishment of both

target species, but such disturbance have the potential for removing seed banks

necessary tk_rregeneration of both species, plus seeds of a_sociated native species. If

such disturbance occurs adjacent to populations of target species, colonization onto

those disturbances is possible. However, such disturbances, encourage

establishment of non-native grasses and forbs, potential threats to many native

herbaceous species (Keeley and Swift 1995, USFWS 1997). Scraping, like fire,

removes tile above ground vegetation, but unlike fire does not increase availability

of mineral nutrients in tile soil anct nor does it stimulate germination of dormant

seed banks for the majority ol: postfire native species. Also, scraping removes other

native species, both seeds and resprouting parts, which are required to inhibit

invasion by aggressive exotic species (Haidinger and Keeley 1993, Keeley 1995a).
Excavation is a more extreme form of human clismrbance in that it disturbs and

displaces entire horizons in the soil. Even when soil is replaced following

excavation, it is altered in texture, being loosened and less compacted

(Winegardner 1995), conctitions that favor invasive grasses.

Thus, particular note was macle of prior disturbances evident during visits to all

pop}clarions and extent of non-native invasive plant establishment. Intensive field

stuclies focused on factors responsible for maintenance, including characteristics of

surrounding vegetation as well as demographic patterns within the populations.

However, it is recogqlized that in annual species, such ,as Pentactu_em [yonii,

demographic data at a single point in time is of limited value due to extreme

inter-annual variation (Keeley and Keeley 1992).

2) Habitat Factors

It is unknown what factors limit populations of either target species in mature



vegetation. Sorting this out may advise on the appropriate disturbance for these

species. Shading by tbe overstory canopy and reduced soil moisture are two factors

commonly evoked to explain tbe lack of herbaceous species in chaparral (Keeley

and Keeley 1989) and can be tested by growing plants in different light and soil

moisture conditions. In the Santa Monica Mountains dark red-brown clay soils

derived from volcanic substrates are common a substrate for Pentachaeta lyonii.

Astragalus Irrauntonii is excluded from tbese soils and is restricted to carbonate

limestone substrates that occur as rare outcroppings in disjunct parts of the Los

Angeles Basin. Reasons for substrate preference are unknown for both species but

such information may be of value, in evaluating sites for establishing new

populations. In some species restricted to particular edaphic conditions

distribution is due to physiological preference for particular substrate conditions

while in other species it is tied more to the elimination of competitors that are

unable to grow on that substrate. It is ur_kr_own whether or not either species can

grow successfully off its normal substrate and examination of this will give some

insight into the extent to which distribution is controlled by physiological

specialization versus other factors such as asymmetric patterns of competition.

3) Reproductive Biology

Species establishing on disturbed sites may do so from a dormant soil-seed bank.

Evaluating the extent of persistent seed banks that carry-over from year to year is

made difficult by the limitation hnposed by state-regulations tbat prohibit

destructive sampling methods. Extent of persistent seed banks, however, can be

inferred from germination experiments tbat examine the levels of dormancy and

factors triggering germination. Previous studies on Pentachaeta Lyonii(Keeley 1995b)

suggest a rather short-lived, non-fire-stimulated seed pool. Dormancy and

germination studies hac{ not previously been conducted on A_tragabts brauntonii.

The seeds are typical ot: the Fabaceae and other families that require heat or

pbysical scarification, with a hardened seed coat covered by an exterior cuticle.

In addition to factors directly controJ[ing sect{ling recruitment, other ,aspects of the

reproductive biology may be critical to persistence of rare species (Fiedler and Jain

1992). Little is known about the pollination biology of either A._tragalus brauntonii

or Penta&aeta lyonii and therefore studies were conducted to better understand

their pollination biology. One step is some understanding of the insect fauna

associated with each target species and the potential role each insect plays in

pollination. In addition to knowing which vectors are responsible for pollination,

an understanding o1: compatibility barriers is necessary. There are trade-offs

inberent both in self-pollinating (inbreeding) and self-incompatible (outcrossing)

strategies. Inbreeding species are better colonizers for a specialized environment,

but may lack the genetic variability necessary to respond to environmental change.
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Outcrossing promotes genetic variation with the ability to adapt to changing

environment, but includes a genetic load that can be maladaptive by disrupting

well-adapted gene complexes.

IV. ASTRA GALUS BRA UNTONII

1) Background

A) Species Description

A_tragal.us Irrauntonii is a short-lived tomentose herbaceous perennial in the legume

thmily (Fabaceae). Dependent upon growing conditions, plants vary from 0.7 - 1.5

m, and if is one o( the more robust species in the genus (Hickman 1993). Flowering

begins in early spring and within the same population extends to June (Munz

1968). Inflorescences are spike-like and produce 35 to 60 flowers each. Fruits are

not inflated (bladdery) as in some A_tragalus species and are 7 - 9 cm long, 3-angled

and double chambered in the lower one hall', producing three to six seeds.

B) Geographical Range

A_tragab,s Irrauntonii is restricted to limestone outcroppings in a disjunet
distribution in the western and central Transverse Ranges (Santa Monica and San

Gabriel ranges) and the northern Peninsular Ranges (Santa Ana Range). The

restriction to ur_ustlai substrates is not LlnCOlnlllOn in the germs and other closely

related species in section Micranthi are also soil endemics (Barneby 1964). Its

distribution includes Orange, Los Angeles and Ventura counties. Populations are

restricted to low elevations below 550 m (Appendix I, the upper range is 100 m

higher than indicated in Hickman 1993). Skimmer (1991) has suggested that this

species is "headed t'or extinction" due to fire suppression and because of its

apparent fire-dependence, "accurate surveys (or this plant are nearly impossible

unless one carries a flamethrower." Status of extant populations, made without a

flamethrower, are summarized in Appendix 1

C) Ecological Requirements

Astragal.us [_rammmii is commonly described as a transient in chaparral following

disturbances such as fires (Skinner 1991), "above firebreaks" (Raven et al. 1966) or,

as observed in this study, on recently graded sites. Post-disturbance colonization is

likely from a dormant soil stored seed bank, as there is little morphological

evidence that (ruits and seeds are widely dispersed and thus the plant is not likely

to be a good colonizer. Seeds are similar to other species of Fabaceae in being hard

seeded, which means they do not imbibe water until some environmental factor



10

breaks the impermeability of outer seed coat layers (Keeley 1991). Factors that

could produce such scarification include expansion effects of wetting and drying,

microbial degradation, heat from fire or physical abrasion by soil disturbance.

Germination follows winter rains. The apparent dependence upon disturbed sites

suggests Astragdus Irrauntonii is a weak competitor and is crowded out by

larger-stature vegetation. Prior to this study, little was known about tile pollination

and breeding biology of this species.

2) Research Objectives and Methods

Studies were conducted in tile field, greenhouse and laboratory. Field studies were
directed at reconnaissance and observation of habitat characteristics of all extant

populations and intensive study of a single population. Greenhouse studies were

design_dd to test growth and survivorship of plants in different soils and under
different conditions of soil moisture and irradiance levels. Laboratory studies were

directed at seed germination characteristics.

A) Field Reconnaissance of Sites

One purpose was to visit as many populations as feasible in order to evaluate their

status and record associated vegetation and other habitat characteristics. Notes were

made of any evidence of recent disturbance and extent of non-native plant

invasion. At each site a GPS location was obtained and a Natural Diversity Data

Base inventory form was submitted to CDFG.

B) Community Characterization (Intensive Study Site)

Intensive field studies were done tile Temescal Ridge (EO15) population, selected

because of tile large number of plants and reasonable accessibility (there were no

other reasonable sized accessible populations). Studies focused on documenting

tile density and of cover of the target species and associated species and soil depth.

Three line transects with 1-m 2 plots every 5 In (n'18 subplots) were established at

the site and subplots were sampled through tile growing season for density, height

and diameter of the target species. Areal cover of A_tragalus brauntonii was

calculated using areal diameter and assuming tile canopy approximated a circle.

Additionally, a census was made of other species in tile plot coupled with a visual

estimate of percentage cover, bare ground, and rock cover. Soil depths were

estimated adjacent to each plot by hammering a reebar into the ground up to 21
CIIl.

C) Pollination Studies (Intensive Study Site)

Studies consisted of pollinator identification and observation of behavior,
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pollinator exclusion for degree of self pollination and quantification of pollen on

observed visitors. Visitation rates were determined on six randomly selected plants

for 20 minute observation periods at mid-day (3. 2 hr) on three occasions during

early spring. All insects coming in contact with the plant, in addition to the
duration of their contact were recorded.

Insects were collected by sweep net of the inflorescences and carefully transferred to

vials in order to minimize loss of pollen from their bodies. In order to identify

pollen, flowers were collected from A_tragalus and other plants in the vicinity anti

anthers dissected and squas!md .o0 a glas s slide for examination of pollen under
100 x magmification. This reference collection was used to compare with pollen
taken from insects.

To test for self-compatibility, infioreseences were enclosed in bridal veil supported

by an aluminum wire frame, erected prior to flower opening. Prior to flower

opening, on each of 10 plants, 4 inflorescences were tagged and treated as follows:

(1) control with no manipulation, (2) bagged with fine nylon mesh and no furtber

manipulation, (3) bagged with mesh and later 10 flowers inanually self-pollinated

and marked with a thin colored wire, and (4)) bagged with mesh and later 10

flowers manually cross-pollinated (with pollen grains from a plant > 5 m away) and

marked with a thin colored wire. After the end of the flowering season

inflorescences were collected and examined for viable seeds. Seeds produced by

enclosed inflorescences were tested for germination (see Section C).

D) Other Insect Interactions (Intensive Study Site)

In order to describe tbe associated aerial invertebrate fauna, all insects and spiders

were captured from 62 random A. brauntonii plants in the main population and

several surrounding smaller populations over a 5 clay period in May, 1997. All

insects and spiders on a plant were captured by net or aspirator, transferred to vials,

killed and stored in the refrigerator until identified to order. Three insects were

particularly common: bruchid beetles (Coleoptera: Bruchidae), aphids (Hemiptera:

Aphididae) and ants (Hymenoptera: Formicidae). Interactions of these insects with

this A_tragalus were examined in more detail.

The brucbid beetles are known seed predators so we evaluated seed predation.

Random samples of seeds were mounted in paraffin wax and examined at low

power under a dissecting microscope. Seeds that were parasitized were soft and

easily cut with a razor blade and if they contained a larva they were scored as

predation. Older seeds were observed (or adult insects emerging; these were
collected for identification.
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Aphids feed on the phloen_ sap of the plant anct are often tended by ants that

harvest sugar secretions from the aphid. Aphids have a potentially negative effect

on plant vitality but ants may have a positive effect since they reduce harnfful insect

herbivores on the plant. A_tragalus were randon@ assignaed to one of four

treannents (n=12): 1) control plants, 2) no ant treatment, ants were barred access to

the plants by Tanglel'oot ® encircling the base of the plant, 3) "no" aphids, new

growth on the tips o[: branches was washed with Concern insecticidal soap, which

greatly reduced aphid populations, and 4) no ants + no aphids. Experiments began

in late winter and applications continued weekly for six weeks. At that time aphid

and ant abundance and plant vitality was _sessed by measuring active meristematic

growth and seed set. Treatment effects were tested with the non-parametric Kruskal

Wallis test mad Tukey pairwise comparison test mad relationships were examined

with Spearman correlation.

E) Growth Response to Irradiance, Soil, and Moisture (Greenhouse)

The purpose o[: these studies was to evaluate growth and survival of Astraga[us

brauntonii on dif(erent substrates, anti under different shading and soil moisture
conditions.

The siky-loam limestone soil typical of" A_tragalus Irrauntonii sites was collected

adjacent to the Temescal Ridge (EOI5) population and the more common clay soil

derived from volcanic substrates was collected from a site adjacent to a Pentachaeta

Lyoniipopulation in Lake Eleanor Hills (EO28). Soils were sifted through 6 mm

wire mesh and used to fill 225 mm plastic pots. Seeds of each species were sown

separately in 120 pots, 60 of each soil type. Pots were watered as needed until

seedlings established and then thinned to one plant per pot. Experimental
treatments were all combinations soil moisture (low, moderate and high watering

regitnes) in combination with dif(erent light or irradiance levels. Watering reghnes

consisting ol" tbe extremes o1"constantly moist soil (high) to allowing soils to dry

thoroughly, often cracking be(ore re-watering (dry) mad an intermediate watering

regime (moderate). Irradiance levels were with Rtll sun (approximately 1000 lamol

In-2 s1) or shade generated by shade cloth (60 p.mol m"2 s't). For each treatment

there were n=6 replicates, although the final growth comparisons were reduced in

some treatments due to poor survivorship+ Tim experiment was terminated after 3

months and survivorship recorded, height and areal diameter measured and then

plants were harvestecl, separated into aboveground ancl beh)wgrounct parts, oven

dried at 5WC for 24 I+lours and weighed+ Treatments were compared wirl+ the

inulti-way ANOVA and regressh+m with the Pearson regression analysis using

SYSTAT (Evanston, IL).
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F) Germination Response (Laboratory)

Germination experiments were conducted to evaluate the degree of dormancy, the

extent of heat shock stimulated germination and contrast germination behavior of
inbred and outcrossed seeds.

Seeds were collected under permit, cleaned and stored under room conditions in

glass bottles.

Seeds of both species were kept separate by pollination treatment. Also, due to the

observation that after dehiscence of the fruit and dispersal of seeds, some seeds

remained in the back locule (even remaining in dropped fruits), seeds were

separated by location in the front and back locule.

Prior to the initiation ot: germination some seeds were treated with dry heat of 95
°C or 105 °C for 5 minutes. Controls consisted of unheated seeds. All seeds were

placed in 60ram plastic petri dish lined with filter paper. Seeds were wetted with

2ml deionized water (plus additional water added as necessary for tim duration of

the experiment). Seeds were cold treated for one week at 5 °C and moved to

incubators at 12hr day/night at 18 °(2/12 °C, respectively. Germination was scored

until all seeds were germinated or until no occurred for more than 2 weeks.

3) Results and Discussion

A) Field Reconnaissance of Sites

Natural Diversity Database reports were filed with Ms. Mary Meyer. See Appendix I
for list of sites and current status.

A_tragalus trrauntonii were found at eight of the listed occurrences. Two of these sites,

EO20 and EO21, were extirpated this year by development. Three of the remaining

sites, EOll, EO16, and EO19, had one or two remnant plants from larger

previously recorded populations. The transplant population in Oak Park, at last

visit contained 150 plants, but has more recently been reported to have died out

(Ms. Mary Meyer, personal communication). The Temescal Ridge population, EO

15, is the largest naturally occurring population. It persists in a fuel break created for

installation of power lines.

B) Community Characterization (Intensive Study Site)

At the Temescal Site (EO15) A_tragalus lrcauntonii (abbreviated A_tragalus from here

on) bad an average density of 1Y2 mature plants per m2 and about 1 seedling per
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20-m 2 (Table 1). Bareground comprised 20% of the ground surface area and

Astragalus comprised 0nly about 10% of the relative cover. The majority of species

and bulk of the cover consisted of non-native grasses and forbs (Table 1), which

reflects the disturbed nature ot: the site (Appendix I). There was a signlificant negative

correlation between A_tragal.us density with both total cover of other species and

exotic grass cover (Fig. 1). Due to the very sparse shrub cover at the site there was no

significant relationship between A.straga/us cover and shrub cover (P>0.05, r2=0.06).

Seedlings were uncolnlnon and'there was a highly signit:icant positive correlation

between seedling recruitment and l_areg}ound (P<0.01, r2-0.25) and between

seedling density and adult density (P<O.05, r2=0.16), indicating successful

establishment near parent plants and in the absence high annual grass and forb
cover.

There was also a significant (Fig. 2) positive correlation between soil depth and

A._tragal.us density. Soil depths were taken only to 21 em due to mechanical

restrictions so these measurements are capable of distinguishing only very shallow

and moderately deep soils. It appears that while A_tragalus can establish successAdly

on shallow substrates, higher densities are more likely on deeper soils.

C) Pollination Studies (Intensive Study Site)

Fourteen species of insect visitors exhibited potential pollination behavior. There

were many Hymenoptera, including boney bees, a large and small megachilid or

leafcutting bee, three species of bumblebees, and five species ot:wasps. Also, Diptera

such as small hover (lies and a large fly, plus a Lepidoptera butterfly. The majority of

these species were observed only occasionally, whereas five species made up the bulk

ol: the visitations. The most common visitor was a small megachilid bee (~ 1 cm)

(Order Hymenoptera: Family Megachilidae), accounting for 47% of the visitations

observed. On average, each plant was visited 9.1 times by these bees in any 20

minute observation period. The (our other common species each comprised 9-10%

of the total visitations; these included a larger megachilid bee, the honey bee and a

bumble bee sp. (Hymenoptera: Apidae), a wasp (Hymenoptera: Ve.spidae), and a

chaleidid wasp (Hy'menoptera: Chalcididae). For the latter two species, it:pollination

was effected, it was likely incidental as the vespid wasp is predatory and the chalcidid

wasp is parasitic, often on bruchid beetle larvae (Borror and White 1970). Other

insects that may have played a role in pollination include ants, which were abundant
(see Section D), and can be effective pollinators (Hickman 1974). Ants, however,

were not commonly observed on open flowers of AstJ'tl,_(IlR.S.

Based on frequenw of visitations it would appear that the megachilid bees were

hnportant pollinators o( Astragab_s. This was supported by the study of pollen

attached to the five most comll/ol_ insects. O{"these, 3 were not observed to have any

A_tragalus pollen attached, whereas 6 o1:13 megaehilid bees that were examined had
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A_tragah_s pollen; two bad pollen loads that consisted primarily (>80%) of pollen

from Astragalus. Tile one other species observed with A_tragalus pollen was a bumble

bee, Bombus sp. Both of these pollinators also carried pollen of the following

species: Lupinus (succulentus), Erodium (cic_tarium), Anagalus ar_,ensis, Adenostema

fasdculatum, Marubium vulgaris, Encelia californica, Salvia (mellifera), and Malacothri_

saxatilis. Lupinus was tile most common pollen. Thus, the main pollinators for

A_tragalus brauntonii at the Temescal Site are generalists that visit other, mostly

native, plant species.

There was no statistically sign',ificant difference (P>0.05) between bagged and

unbagged controls in flower abortion (Fig. 3) or seeds per fruit (Fig. 4), inclieating

tills A._tragab_sis self-compatible. Other studies ol: geographically restricted A_tragalus

species, which are also self-compatible, are known to exhibit low levels of genetic

variation, relative to more widespread Astragalus species (Karron et al. 1988).

Detailed comparative study of variation in A. Irrauntonii has not been done to

determine if the same holds and whether or not it has any role in rarity of that

species.

In an experiment designled to test the extent to which pollination was limiting to
seed set, in addition to tile control and bagged treatments, two other bagged

treatments were included: bagged inflorescences with 10 flowers manipulated to

effect self pollination and bagged with 10 Ilowers manipulatect to effect cross

pollination. In this experiment the Ilowers that were manipulated (either sell: or

cross-pollinated) had statistically sign_ificantly (P<0.05) greater number of seeds per

pod (1.1 - 1.6 for un-manipulated ltowers, bagged or not) and 2.2 - 2.8 for

manipulated flowers). This suggests that although these flowers are sellLcompatible,

seed production is lhnited by pollen transfer.

There was a slight, but statistically insignificant (P>0.05) te!_dency tBr higher seed

proctuction per fruit in bagged (X -+S.E." 2.2 -+0.3) vs unbagged (X + S.E. = 1.6 +

0.3) treatments. If these patterns represent a real difference between treatments it

could be attributable to predator exclusion (see next section) or a more favorable

microelhnate created by the bags. Seeds from both bagged and unbagged treatments

germinated, although there was some variability in the degree of seed coat imposed

dormancy, such that bagged seeds sometimes exhibited greater dormancy.

D) Other Insect Interactlons (Intensive Study Site)

Tile sedentary insect fauna associated with A_tragalus included the common orders of

insects in the area: Coleoptera, Diptera, Hemiptera, Hymenoptera, Lepidoptera,

Ortboptera, and Thysanoptera. A few spiders were also recorded. However, there

was a disproportionate number of bruchid beetles (Coleoptera: Bruchidae), which

comprised 60% of tile sedentary insects, aphids (Hemiptera: Aphididae) 22%, and
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ants (Hymenoptera: Formicidae) 12%. On average each A_rragalus plant had 6.5
coleoptera, 2.4 hemiptera, and 1.3 hymenoptera present on it at any given time.

The most abundmlt of these sedentary insects, bruchid beetles, likely had ne_tive

effects on the A_tragalus. These beetles spent much time in the Ilowers feeding upon

pollen and other flower parts. Since they were not observed to move between plants

there seems little likelihood they play a role in pollination, although they potentially

destroyed critical flower parts and may have inhibited visitation by pollinators. In

addition, they were observed ovipositing on developing fruits, which is consistent

with the fact that the vast majority of bruchid species are known seed par,_sites of the

Fabaeeae t_mily (Labeyrie 1981). There(ore, studies of seed predation were

conctucted. Seed parasites accounted for a loss o1: 21% + 4% (X + S.E., n=100) of

seeds. While scoring seed predation, chalcid wasps were observed hatching from the

A_tragalus seeds and bruchid beetle larvae were identified in the seeds. It was not

determined whether the chalcid wasps were parasitizing the bruchid beetle larvae or

the seeds themselves; both instances are known to occur (Labeyrie 1981, Green and

Pahnbald 1975).

The ant and aphid exclusion experiments illustrated the close interaction between

these two insects. Reduced aphid abundance significantly reduced ant abundance

(P<0.05) and reduced ant abundance signi['icantly reduced aphicl abundance. Across

all treatments there was a sign_ificant positive correlation between ant and aphid

abundance. There is no evidence that aphids af(ect growth of A_tragalus as there was

no significant difference (P>0.05) between controls and treatments in number of
active merlstems or in seed set. However, there was a signli[:icant positive correlation

between aphid abundance and meristem abundance, suggesting that aphids are

attracted to actively growing planr_.

E) Growth Response to Irradlanee, Soil, and Moisture (Greenhouse)

Survivorship of A_tragalus was significantly affected by treatments anct there were

interactions between treatments (Table 2). Survivorship was reduced in the shade

and in full sunlight survivorship was greatly reduced when grown on volcanic soils.

The best surviw)rship was observed in full sunlight on limestone soils (Table 3).

Under these conditions watering regime played no significant role in survivorsbip.

All other combinations of irradiance and soil produced quite variable response to

moisture regime (Table 3), contributing to the highly significant interaction terms

between light and soil type (Table 2).

Growth of Astragab_s was sigmificantly affected by shade, soil type, and watering

(Table 4). Shading had no significant affect on size, as measured by height and areal

cover (Table 5). However, biomass, both aboveground and belowground was greater

in full sun. Also, in full sun a significantly greater a]location of carbon went to roots,

than for plants in the shade. All growth characteristics except height were
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significantly greater in limestone than in volcanic soil. As with survivorsbip, watering

regime played a relatively minor role in size or biomass production (Table 5). Thus,

this A$tragalus is most robust when grown in limestone soil in full sun, suggesting

that the restriction of A_tragab¢s Irrauntonii to limestone may derive from a

competitive advantage over other species less able to tolerate such conditions. These

results suggest that soil moisture differences between limestone and volcanic soils is

not a likely explanation for this edaphic endemism.

F) Germination Response (L,_boratory)

Germination of Astragalus trcauntonii seeds is rather typical of "bard seeded" legmunes.

In two populations studied, the bulk of the seeds were dormant, although there was

a statistically significant difference (P < 0.01) in control germination between the

Temescal Ridge and Clamshell Canyon populations (Fig. 5). Both populations

exhibited nearly complete germination with scarification of the seed coat. Heat,

which is a natural means of scari(ying seed coats --- e.g., soil heating during Fires ---

was also shown to significmltly (P<0.01) increase germination over controls (Fig. 5).

This indicates that some populations are represented by a polymorphic seed pool in

which a portion of the seed bank may germinate following dispersal and others

persist in a dormant soil seed bank. Germination of the dormant seeds may be

triggered by fire, solar heating of bare soil, or physical disturbance of the soil profile

(Keeley 1991).

Comparison ot: front and back locule seed germination showed no significant

differences (clara not shown) beyond the ones mentioned above.

The seeds do not have an apparent dispersal agent and probably rely on water and

gravity as primary methods of dispersal. The Temeseal Ridge site may be

experiencing some seed dispersal/displacement by recreational users such as bikers
and mountain bikers.

4) Conclusions and Management Implications

A_tragalus brauntonii is restricted to limestone outtcrops, in part because of inferior growth

and survivorship off of this substrate (Table 3). Therefore, one component of its restricted

distribution is tied to the lilnited distribution of limestone outcroppings in coastal

southern California. Presence ol: such substrate, however, is no guarantee of a viable

population of this rare limestone endemic. It grows poorly when shaded (Table 3) and

since most sites are capable of sustaining larger stature shrub associations, disturbance may

contribute to population expansion. Under natural conditions, wildfires could generate

such safe sites for establishment and at least one stancl of several hundred A. lrcauntonii has

been reported from a (recent?) burned site (USFWS 1997). Although we know nothing of

tim metapopulation characteristics for this (or most) species, it seems unlikely that A.



18

brauntonii colonizes burns from distant populations (fruits and seeds lack obvious structures

for long-distance dispersal). Recruitment after fire would require either a dormant soil seed

bank or a neadsy population, pedmps persisting in some refuge such as a shrub canopy gap.
Postfire recruitment from dormant soil seed banks is a common pattern in many native

annual species, some of which are strictly fire-dependent (Keeley 1991). However,

Astragalus Dauntonii clearly is not fire-dependent, rather it is opportunistic and is capable of

establishing on a variety of dismdmnces, which disth_guishes it from most "fire-dependent"

species. This is consistent with the germination experiments that show germination in

response to various types of seed coat scarification.

It is of interest that few herbaceous perennial species in chaparral maintain dormant soil

seed banks --- most herbaceous perennials are represented after fire by resprouts from

underground vegetative parts (Keeley and Bond 1997). One other exception to this rule is

the rare legume Thermopsis maLxophylla,which establishes after fire as well as in fire breaks

(Borchert 1989). Both of these rare bed_aceous perennials have in common the thet that

they produce poiymorpbic seed banks capable of establishing after fire-scarification of

seeds or in other disturbances where seeds are not fire-scarified.

As discussed above (Section II) wildfire frequency is presently as high or higher than under

conditions without human influence. However, in light of the very localized distribution of

A. brauntonii, and tile fact that localized patches of chaparral may escape fire for unusually

long periods, prescribed burning may be a useful managelnent tool for known sites that

currently lack A_tragalus trcauntonii. Sites with known records of A. trcauntonii should be

examined for age of canopy species to gauge how long it has been since tile last fire. Sites

unburned (or more than several decades may warrant intervention in the form of

prescribed burning, although tile seed banks on sites of this age may not be in any

immediate danger of deterioration. Concerns over prescribed burning at the

ud3an/wildland interthce (USFWS 1997) are probably o1: less importance than concern

over accelerated accidental fires near developed areas (Keeley and Scott 1994). It is clear

that other forms o( disturbance will also suf(ice to establish this species, but not all types of

disturbance are good for this species. Active management of sites to create appropriate

disturbances might be considered
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V. PENTA CHA ETA L YONII

1) Background

A) Species Description

Pentachaeta lyonii Gray [Chaetopappa [yonii (Gray) Keck, in Munz, 1968) is a

small annual in tbe sunflower t_mily (Asteraeeae). As with other annuals,

size is plastic, anct dependent upon moisture and other soil conditions, it

may range from 5 - 50 em and be single-stemmed or multi-branched

(Hickman 1993). Germination occurs during the early spring rainy season

and flowering extends from March to August (Munz 1968). Plants may have

from I - 30 or more ['lower head (capitula) and each head produces 20 to 40

1 mm seeds (acbenes) with microscopic bristles and a crown of 8 to 12

pappus bristles, which are readily deciduous when touched, suggesting

limited spatial dispersal (Keeley and Keeley 1992).

B) Geographical Range

Today Pentaclmeta lyonii is restricted to the mainland of coastal northern

Dos Angeles Co. and southern Ventura Co. (York 1989), although the

original distribution inclucled Santa Catalina Island (the latter is thought to

be based on an acciclental introduction, Carl Wishner, personal

communication). Extant populations occur on clay soil of volcanic origin

in the western end of the Transverse Ranges, specifically, the Santa Moniea

Mountains, San Femando Valley, and Simi Valley (Keeley 1997). Stares of

extant populations are summarizecl in Appenclix I1.

C) Ecological Requirements

Pentactmeta lyonii habitat is an open herbaceous vegetation or smaller

localized, seelningly permanent gaps within chaparral and comstal sage

scrub. Throughout its range it is reported from clay soils on relatively level

to gently sloping terrain, often in saddles between bills or benches (Baler

and Sproul 1991). Pentactu_eta apparently competes poorly with annual

grasses such as species of Arena and Bromus, as dense growth by these non-

natives appears to preclude it from a site (Keeley and Keeley 1992).

Disturbances, such as soil scraping by construction equipment, may tavor

the species, particularly if soil clepth reduces annual grass growth and a seed

source is available t'rom adjacent (ruiting planLs. Disturbance by wildfire

may promote Pentachaeta lyonii by .removing shrub cover, but tim
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relationship between fire and this plant is not clear. One site (EO 33) has

persisted with good size populations in the presence of horse grazing,

although tile duration and intensity of grazing is unknown (Mary Meyer,

personal communication).

Tile relationship between Pentactu_eta and cattle grazing and burrowing by

small rodents is also unknown. Prior to this study, little was known about

the pollination and breeding biology of this species.

2) Research Objectives and Methods

Studies were conducted in the I:ield, greenhouse and laboratory. Field studies were
directed at reconnaissance and observation of habitat characteristics of all extant

populations and intensive study of a single population. Greenhouse studies were

designed to test growth and survivorship of plants in different soils and under
different conditions of soil moisture and irradiance levels.

A) Field Reconnaissance of Sites

One purpose was to visit as many extant populations as possible in order to

evaluate their status and record associated vegetation and other habitat

characteristics. Notes were also made ol: any evidence of recent disturbance and

extent of non-native plant invasion. For each accessible site a GPS location was

obtained and a Natural Diversity Data Base inventory form was submitted to
CDFG.

B) Community Characterization (Intensive Study Site)

Intensive field studies at two of the larger populations (Cal. Lutheran, EO21, and

Triun(o Canyon Road, EO27) were focused on dcmumenting the density anct of

cover of the target species and associated species and soil depth. One line transect

with 0.25-m z subplots every 5 m (n=20 subplots) were sampled through the growing

season (or density, height and diameter of target species. Cover ol: Pentachaeta lyonii

was calculatecl using diameter and approximating a circle. Additionally, a census

was made of other species in the plot coupled with a visual estimate of percentage

cover, bare ground, anti rock cover. A crude estimate of soil depth was made

adjacent to each plot by hammeringa reebar into the ground up to 21 era.

C) Pollination Studies (Intensive Study Site)

Pollination studies were done at two Pe,tacMeta sites (Wood Ranch gO14 and

Lindero and Triunfo Canyon roads, EO27). Studies consisted of pollinator

identification and observation o1:behavior, quantification of pollen on observed

visitors and effect of pollinator exclusion on flower abortion.
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Visitation rates were determined on six randomly selected plants for 20 minute

observation periods at mid-day _ 2 hr) on three occasions during late spring. All

insects coming in contact with the plant, in addition to the duration of their
contact were recorded.

Insects were collected by sweep net of the inf'lorescences and carel;ully transferred to
vials in order to minimize loss of pollen from their bodies. In order to identify

pollen, flowers were collected l_'om Pentaclu_eta and other plants in the vicinity and

anthers dissected and squaslled on a glass slide for examination of pollen tinder

100 x magnification. This reference collection was used to compare with pollen
taken from insects.

To test |'or sel(-compatibility, 10 plants with several t]ower heads were enclosed in

bridal veil supported by an aluminum wire frame, erected prior to flower opening.

Adjacent unbagged plants were controls. After the end of the flowering se_on

(lower heads were collected and examined ['¢)r (lower abortion, evident by the

grossly shriveled nature ot:aborted aehenes.

D) Growth Response to Irradiance, Soil, and Moisture (Greenhouse)

The purpose o( these studies was to evaluate growth and survival of Pentachaeta

I.yonii on different substrates, and under different shading and soil moisture
conditions.

The silty-loam limestone soil typical of A_mlgalus Irrauntonii sites was collected

adjacent to tile Temescal Ridge (EO15) population and the more common clay soil

derived from volcanic substrates was collected (tom a site adjacent to a Pentachaeta

lyonii population in Lake Eleanor Hills (EO26). Soils were si(ted through 6 mm

wire mesh and used to t:ii[ 225 mm plastic pots. Seeds of each species were sown

separately in 120 pots, 60 of each soil type. Pots were watered .'_ needed until

seedlings established and then thinned to one plant per pot. Experimental

treatments were all combinations soil moisture (low, moderate and high watering

regimes) in combination with difl'erent light or irradiance levels. Watering regimes

consisting of the extremes of constantly moist soil (high) to allowing soils to dry

thoroughly, often cracking before re-watering (dry) and an intermediate watering

regime (moderate). Irradiance levels were with full sun or shade generated by

l-layer of shade cloth. For each treatment there were n=6 replicates, although the

final growth comparisons were reduced in some treatments due to poor

survivorsliip. The experiment was terminated a(ter 3 months and survivorship

recorded, height and areal diameter measured and then plants were harvested,

separated into aboveground and belowground parts, oven dried at 50°C for 24
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hours and weighed. Treatments were compared with the multi-way ANOVA and

regression with the Pearson regression analysis using SYSTAT (Evanston, IL).

3) Results and Discussion

A) Field Reconnaissance of Sites

Natural Diversity Database reports were filed with Ms. Mary Meyer. See Appendix
II for list of sites and current status.

Pentachaeta Lyoniioccurs in two somewhat different habitats, interior and coastal
sides of the inland valleys. Interior sites are generally disturbed grassland, or
ecotones between grassland and cactus scrub or patches within shrublands. At sites
where significant shrub cover was present, P. lyoniiwas seldom found beneath the
shrubs, rather it occupied large canopy gaps. These sites had dense localized

populations (often 100 m"2)with rather distinct population boundaries. Pentachaeta

lyonii, and otber species that co-occurred with it in these gaps (e.g., Bromus

hordaceus,Plantagoerecta,and Styloclinegnaphaloides)were generally quite stunted in
height. The sites were ahnost exclusively located in saddles between bills or on the

tops of small knolls. Most of these sites had inclines between 0-9°. In grasslands,

Arena barbaraand Centaureamelitensisare important competitors that are apparently
capable of excluding P. lyonii (e.g., EO14, EO23, EO15). Avena barbara does
particularly well in deep soil while the P. Lyoniioccurs in shallower soils. Gophers

(Thamomys bottae) may tend to tavor non-native species by churning the soil over

and eliminating the cryptogamic soil seemingly preferred by P. lyonii.

On the coastal sides o1:the interior valleys in the Santa Monica Mountains are sites
often dominated by Adenostemafasciculatum chaparral, with P. lyonii growing in
canopy gaps of several meters diameter or in open disturbed sites. These sites
tended to occur on slopes steeper than those in the interior and many of these
sites extended into flat areas at the base of slopes. These sites also had extensive

non-native grasses, including A. barbaraand B. hordeaceus. However, other grasses

that were a sigmificant component of the community include the non-native

Oastridium ventricosumand Bramus madritensisand the native Vulpia octaflora. Plants
were more sparsely distributed than at inland sites, with a typical density of <25

In"2. Two exceptions were highly disturbed sites (EO 27 and EO 11)where P. lyonii

was growing alol_g a trail or in a road-cut, and density was typically about 50 m"2.

The P. lyoniiat these sites also were generally larger, up to 20 cm in height.

B) Community Characterization (Intensive Study Sites)

At the two intensive study sites Pentachaeta lyonii (just Pentactuietafrom here on)
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had an average density of 30-38 plants m"2(Tables 6 & 7). At both sites bareground

comprised >60% of the ground surlhce area and Pentachaeta comprised only about

2-3% of the relative cover. The majority of species and bulk of the cover consisted

of native subshrubs and annuals.

There was also a significant positive correlation (P<0.05) between soil depth and

Pentachaeta density at both sites, one of which is illustrated in Figure 6. Soil

depths were taken only to 21 cm due to mechanical restrictions so these

measurements are capable of distinguishing only very shallow and moderately deep

soils. It appears that while Pentachaeta can establish successfully on shallow

substrates, higher densities are more likely on deeper soils. Soil depth also acted to

increase the length of the growing season. This is reflected in the thct that the

decline in population size between March and June was lower on microsites with

deeper soil (Fig. 7).

In summary, large populations of Pentachaeta are characterized by substantial

bareground and limited presence of non-native invasive species.

C) Pollination Studies (Intensive Study Sites)

Nine species of insect visitors exhibited potential pollination behavior. These were

mostly Hylnenoptera and Diptera, including four bee species, three wasp species and

two fly species. The most common visitors by thr were digger bees (Order

Hymenoptera: Family Apidae, Subfamily Anthophorinae) followed by bee flies

(Diptera: Bombyliidae).

The fact that digger bees were the most common visitors to Pentachaeta lyonii suggests

they were important pollinators. This is further supported by the fact that

Pentachaeui lyonii pollen was recovered from pollen leg baskets on 6 of 7 digger bees

and in one case it comprised 90% of the total pollen load. Other poilen collected

from digger bee leg baskets include Hemizonia fasciculata, Eriogonum fasciculatum,

Erodium cicl, tarium, Brassica nigra, and Encelia californica, the most abundant of which

was H. fasciculata. Thus, while these bees are likely to be important pollinators, it is

clear they visit other associated species. It is of interest that the other species most

commonly visited is H. fasdculata, a common annual with a superficial resemblance

to Pentachaeta lyonii.

There was a statistically sigqaificant difference (P<0.01) between bagged and unbagged

controls in flower abortion, evident by the very shriveled aehenes in bagged flower

beads (Fig. 6). Thus, it would appear that Pentachaera lyo_lii is selgincompatible.

Many California native annuals are self incompatible, a thctor that is thought to

have given rise to the rapid speciation evident in many annual genera (Raven 1973).




